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 WKH
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PHWKRG E\ WDNLQJ YDULRXV FULWHULD RI QRGHV FDXVHV WKDW WKH EHVW QRGH EH VHOHFWHG DV WKH&+7KLV FKRLFH WRZDUG WKHSUHYLRXV
DOJRULWKPVUHGXFHVWKHRYHUKHDGDVVRFLDWHGZLWKWKH&+7KLVPHWKRGXVHVWHFKQLTXHIRU2UGHU3UHIHUHQFHE\6LPLODULW\WR,GHDO
6ROXWLRQ7236,6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WKDWVRPHRIWKHQRGHVRQWKHQHWZRUNVHOHFWDVD&+DQGRWKHUQRGHVDVPHPEHUVRIWKHFOXVWHU&OXVWHULQJLQWKH
:61VLVQHFHVVDU\DQGWKHUHDUHSOHQW\RIUHDFKZRUNVIRULW
,QWKHPRVWRIWKHUHVHDUFKHVUHVLGXDOHQHUJ\RUQXPEHURIQHLJKERUVRUFRPELQDWLRQRIWKHPLVFRQVLGHUHGDV
FULWHULD IRU VHOHFWLQJ&+V ,Q WKH EHVW NQRZOHGJH RI DXWKRUV H[FHSW LQ WKDW<LQ HW DO SURSRVHG D&+ VHOHFWLRQ
DOJRULWKP WKDW XWLOL]HV$+3 WKHPRVW UHVHDUFKHV LQ&+ VHOHFWLRQ FRQVLGHURQHRU WZRSDUDPHWHUV7KLV DOJRULWKP
LQFUHDVHG QHWZRUN OLIHWLPH VLJQLILFDQWO\ EXW WKLV PHWKRG KDV EHHQ RYHUKHDG EHFDXVH RI VHQGLQJ PHVVDJHV WR DOO
QRGHV ,Q RWKHUZRUGV DPRQJ WKHPHWKRGV WKDW KDYH EHHQ SURSRVHG IRU FOXVWHULQJ RI:61 VR IDU0XOWL&ULWHULD
'HFLVLRQ0DNLQJ0&'0PHWKRGVKDYHUDUHO\EHHQDWWHQGHG7KHUHDUHVHYHUDORWKHUFODVVHVRI0&'0ZKLFKFDQ
EHWHUPHGDV0XOWL2EMHFWLYH'HFLVLRQ0DNLQJ02'0DQG0XOWL$WWULEXWH'HFLVLRQ0DNLQJ0$'00$'0
PHWKRGVKDYHEHHQZLGHO\XVHGWRVROYHDYDULHW\RIXQFHUWDLQW\SUREOHPV0$'0PRGHOVDUHFDSDEOHRI VHOHFWLQJ
WKHEHVWDOWHUQDWLYHRXWRIDJLYHQOLVWRIDOWHUQDWLYHVEDVHGRQWKHLUSULRULWL]HGDWWULEXWHV
,QWKLVSDSHUUHJDUGHGWKH&+VHOHFWLRQSUREOHPDVD0$'0SUREOHPDQGDPHWKRGKDVEHHQVXJJHVWHGWKDWLQ
DGGLWLRQWRXVLQJVHYHUDOFULWHULDIRU&+VHOHFWLRQLWXVHVWKHRSWLPDOQXPEHURIFOXVWHUVIRUFOXVWHULQJDQGFRPSDUHG
ZLWK WKHSUHYLRXVDOJRULWKPV LQFUHDVHV WKH OLIHWLPHRI WKHQHWZRUN 7KLVPHWKRG UHGXFHV WKHRYHUKHDGGXH WR&+
VHOHFWLRQE\VHOHFWLRQRIWKHRSWLPDOQXPEHURI&+
7KHOD\RXWVRIWKHSDSHUDUHDVIROORZV6HFWLRQSUHVHQWVDQRYHUYLHZRIUHODWHGZRUN7KHV\VWHPPRGHODVZHOO
DVWKHSUREOHPVWDWHPHQWDQGSURSRVHGDOJRULWKPDUHPHQWLRQHGLQ6HFWLRQDQGLQWKHODVW6HFWLRQHYDOXDWHVWKH
VLPXODWLRQRIWKHSURSRVHGPHWKRG$WWKHHQGUDLVHGWKHFRQFOXVLRQVRPHSUREOHPVDQGIXWXUHZRUNV
5HODWHG:RUN
'HFLVLRQ PDNLQJ LV DOZD\V DQ LPSRUWDQW LVVXH LQ DOO VFLHQWLILF ILHOGV 1RZDGD\V XWLOL]LQJ LQWHUGLVFLSOLQDU\
PHWKRGV LQFUHDVHV 8WLOL]H VROYLQJ PHWKRGV RI 0&'0 PRGHOV KDYH XVHG LQ YDULRXV GLVFLSOLQHV WR ILQG D EHWWHU
DOWHUQDWLYHWKDQRWKHUDYDLODEOHDOWHUQDWLYHV)RUH[DPSOH LQDFDVHRIXVLQJPXOWLFULWHULDGHFLVLRQIRUDQDO\VLVRI
PHGLFDOLPDJHVKDVEHHQVHHQ6RIDUQXPHURXVPHWKRGVIRUFOXVWHULQJ:61VDUHSURSRVHGWKDWVRPHRIWKHPDUH
QRWHG LQ$OVR KHXULVWLFPHWKRGV IRU FOXVWHULQJ DUH XVHG LQ WKHVHQHWZRUNV IRU H[DPSOHZH FDQPHQWLRQ
3UHVHQWHGFOXVWHULQJDOJRULWKPVDUHRIWHQGLYLGHGLQWRWZRFDWHJRULHVVWDWLFDQGG\QDPLF,QVWDWLFDSSURDFKHV&+LV
QRWFKDQJHGGXULQJWKHSHULRGRIFOXVWHULQJ7KHVHPHWKRGVKDYHEHHQGHVFULEHGLQ
+RZHYHU LQ WKH G\QDPLFZD\V VLPLODU WR SURSRVHGPHWKRG&+QRGHV SHULRGLFDOO\ DUH FKDQJHG$PRQJVW WKH
G\QDPLFFOXVWHULQJPHWKRGV LWFDQEHPHQWLRQHG WR(QHUJ\(IILFLHQW&OXVWHULQJ6FKHPH((&6 WKDW LVDPXOWL
FULWHULDDSSURDFKWKDWIRUVHOHFWLRQWKH&+LWXVHVWKUHHFULWHULDUHVLGXDOHQHUJ\WKHGLVWDQFHEHWZHHQ&+QRGHVDQG
WKHGLVWDQFHEHWZHHQ WKH&+DQG WKHEDVHVWDWLRQ7KLVPHWKRGZDVWHGHQHUJ\E\VHQGLQJDPHVVDJH WRDOOQRGHV
7KLVPHWKRGKDVEHHQDPHQGHGE\0XOWLFULWHULRQ2SWLPL]DWLRQWHFKQLTXHIRU(QHUJ\HIILFLHQW&OXVWHUIRUPDWLRQLQ
ZLUHOHVV 6HQVRU QHWZRUNV 02(6& WKDW RQO\ RIIHUV D PXOWLFULWHULD RSWLPL]DWLRQ WR IRUP FOXVWHUV $OJRULWKP
(QHUJ\ (IILFLHQW 8QHTXDO &OXVWHULQJ ((8& WKLV PHWKRG LV VLPLODU WR ((&6 DOJRULWKP ,Q DGGLWLRQ HDFK QRGH
QHHGVWRJOREDOLQIRUPDWLRQVXFKDVORFDWLRQDQGGLVWDQFHRIWKHQRGH
VVLQN7KHDOJRULWKPWULHVWRSURORQJWKHOLIHRI
WKHQHWZRUNDQGEDODQFH ORDGVEHWZHHQQRGHV7KLVDOJRULWKP VROYHV WKHH[FLWHGSRVLWLRQSUREOHP&OXVWHU VL]H LV
SURSRUWLRQDOWRWKHGLVWDQFHRIWKHEDVHVWDWLRQ%XWWKHLQWHJUDWLRQRIDGGLWLRQDOGDWDDGGVWKHRYHUKHDGVHQVRUQRGHV
HVSHFLDOO\ IRU PXOWLKRS VHQVRU QHWZRUNV $QRWKHU PHWKRG LV +\EULG (QHUJ\(IILFLHQW 'LVWULEXWHG FOXVWHULQJ
DOJRULWKP+((',WXVHVWZRFULWHULDWKHDPRXQWRIUHVLGXDOHQHUJ\DQGQXPEHURIQHLJKERUVWRFKRRVHWKH&+
$OWKRXJK WKLVPHWKRG XVHVPRUH SDUDPHWHUV WR&+ VHOHFWLRQ FRPSDUHG WR WKH SUHYLRXVPHWKRGV EXW WKLVPHWKRG
GRHVQRWJXDUDQWHHWKHRSWLPDOQXPEHURIFOXVWHUV&RPPXQLFDWLRQFRVWZLWKLQWKHFOXVWHULQWKLVSURWRFROUHIHUUHG
WRWKHGHJUHH¶VQRGHRUQRGHVQHDUWKHQHLJKERU7KLVSDUDPHWHULVXVHGWRFRQQHFWWRWKHFOXVWHU8QOLNH/($&+
WKLVSURWRFROGRHVQRWXVHDUDQGRPPHWKRGWRVHOHFW&+2QO\QRGHVZLWKKLJKHUUHVLGXDOHQHUJ\DUHVHOHFWHGDV&+
DQG RWKHU DOJRULWKPV DUH $GDSWLYH DQG (QHUJ\ (IILFLHQW &OXVWHULQJ DOJRULWKP IRU FRQWHQW EDVHG ZLUHOHVV VHQVRU
QHWZRUNV$((&DQG3DUWLWLRQEDVHG/($&+DOJRULWKPIRUZLUHOHVVVHQVRUQHWZRUNV3/($&+
$QRWKHUFOXVWHULQJPHWKRGWKDWLVWKHQHDUHVWDSSURDFKWRRXUZRUNLV$+37KLVDOJRULWKPEDVHGRQ$+3LVD
FHQWUDOL]HGVFKHPHIRUWKHVHOHFWHG&+EDVHGRQ0$'0)DFWRUVDIIHFWLQJWKHOLIHWLPHRIWKHQHWZRUNLQFOXGHWKH
UHVLGXDOHQHUJ\WKHPRELOLW\DQGWKHGLVWDQFHWRWKHEDVHVWDWLRQ$WHDFKVWDJH&+VDUHVHOHFWHGEDVHGRQPRELOLW\
DQG QRGH¶V HQHUJ\ UHPDLQLQJ ,Q WKLV ZD\ LW LV SURYHG WKDW WKH OLIHWLPH RI WKH QHWZRUN LQFUHDVHG VLJQLILFDQWO\
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+RZHYHUDPRQJWKHVHPHWKRGV/($&+DOJRULWKPSUHVHQWHGDVWKHILUVWFOXVWHULQJDOJRULWKPDQGRWKHUDOJRULWKPV
XVHWKLVDOJRULWKPDVDEDVLVRIWKHDOJRULWKP
,Q.KDOLO\HWDOVWDWHGDWKHRUHWLFDOGHWHUPLQDWLRQRIWKHDFKLHYDEOHPD[LPXPPXOWLFDVWLQIRUPDWLRQIORZIRU
YDULRXVWRSRORJ\FRQWUROPHFKDQLVPV7KHLUVLPXODWLRQUHVXOWVGHPRQVWUDWHGWRSRORJ\FRQWUROPHFKDQLVPVGHFUHDVH
ERWK HQHUJ\ FRQVXPSWLRQ DQG PD[LPXPLQIRUPDWLRQ IORZ 1RWH PD[LPXP PXOWLFDVWLQIRUPDWLRQIORZ FDQ EH
REWDLQHGE\QHWZRUNFRGLQJDSSURDFK.KDOLO\HWDOSURSRVHGDMRLQWRSWLPDOGHVLJQRIWRSRORJ\FRQWURODQGQHWZRUN
FRGLQJ LQ 7KH\ IRUPXODWHG WKH SUREOHPRI WRSRORJ\ FRQWURO LQ QHWZRUNFRGLQJEDVHGPXOWLFDVW:61ZLWK WKH
GHOD\ DQG UHOLDELOLW\ FRQVWUDLQWV DV D QRQFRQYH[PL[HGLQWHJHUQRQOLQHDURSWLPL]DWLRQ SUREOHP WKDW ZDV QDPHG
275$ )RU REWDLQLQJ DQ RSWLPDO VROXWLRQ RI 275$ WKHUH LV QR SRO\QRPLDOWLPH DOJRULWKP DQG LW LV 13KDUG
SUREOHP
3URSRVHGDOJRULWKPE\7236,6
1XPEHURI RSWLPDO FOXVWHU LV FDOFXODWHGE\ D UHODWLRQVKLS ,W FRQWLQXHVZLWK D GHQVLW\ RI QRGHV DQGZKLOH WKH
QRGHVEHJLQWRGLHRQFHDQGVPDOOHUFOXVWHUVDUHFRPELQHGZLWKODUJHUFOXVWHUV%DVHVWDWLRQLVWKHQRGHWKDWFROOHFWV
GDWDIURPDOO&+DQGKDVQROLPLWDWLRQRQHQHUJ\$VLPSOHGLVVLSDWLRQUDGLRHQHUJ\PRGHOWRWUDQVPLWDPHVVDJH
ZLWK k ELWVE\DGLVWDQFH d KDVEHHQXVHG WRUHDFKDQDFFHSWDEOHUDWLRRIVLJQDO WRQRLVH&RQVXPHGHQHUJ\ IRU
WUDQVPLVVLRQLVJLYHQE\IROORZLQJHTXDWLRQ

dkEkE fselecTX  H ,I dd d 
dkEkE mpelecTX  H ,I dd t 

ZKHUH Eelec LV WKH HQHUJ\ GLVVLSDWHG SHU ELW WR UXQ WKH WUDQVPLWWHU RU UHFHLYHU FLUFXLW DQG H mp  H fs DUH WKH
FRQVXPHGHQHUJ\ LQ WKHDPSOLILHUDQGGHSHQGVRQ WKHDPSOLILHUPRGHODQG HH mpfsd   &RQVXPHGHQHUJ\RI
WLPHRIILQDOUHFHSWLRQLVDVIROORZHG

EkE elecRX   

,Q HYHU\ SHULRG GHFLVLRQ PDNLQJ LV YHU\ LPSRUWDQW IRU WKH QXPEHU RI FOXVWHUV WKDW DUH LQ WKH UHJLRQ IRU
PD[LPL]LQJ HQHUJ\ HIILFLHQF\(YHU\ FOXVWHU KDV D&+ WKDW FROOHFWV UHFHLYHGGDWD IURP FOXVWHUPHPEHUV EXW WKLV
QRGHGRHVQRWGRSDUWRIVHQVLQJRSHUDWLRQ1XPEHURIRSWLPDOFOXVWHULVFDOFXODWHGE\DUHODWLRQVKLSWKDWLVGHSHQG
RQGHQVLW\RIQRGHVDQGZKLOHWKHQRGHVEHJLQWRGLHRQFHDQGVPDOOHUFOXVWHUVDUHFRPELQHGZLWKODUJHUFOXVWHUV
7KHRSWLPDOQXPEHURIWKHFOXVWHUIRUHDFKSHULRGLVFDOFXODWHGE\WKHIROORZLQJHTXDWLRQ

  NMEdK electoBSmp
fs
opt  
 
HS
H



$OWKRXJK WKHQXPEHURI&+V LV JLYHQE\ WKHRSWLPDO VROXWLRQEXW WKHQXPEHURI&+V LQHDFKSHULRGDUHQRW
IL[HG&+VDUHUDQNHGE\7236,6PHWKRGDQGDQXPEHURI&+VZLWKKLJKHUUDQNDUHVHOHFWHGIRUFOXVWHULQJ
,QLWLDOO\HDFKQRGHVHQGVLWVORFDOLQIRUPDWLRQVXFKDVWKHDPRXQWRIUHVLGXDOHQHUJ\DQGLWVGLVWDQFHIURPWKH
EDVHVWDWLRQWRWKHEDVHVWDWLRQDQGEDVHVWDWLRQSURFHVVHVWKHLQIRUPDWLRQUHFHLYHGIURPDOOQRGHVDQGSODFHVWKHPLQ
VHSDUDWHGUHFRUGVDQGVWRUHVZLWKWKHVWDWXVRIEHLQJWKHGHDGRUDOLYHQRGH$QRGHGLHVZKLOHORVWWKHLUHQHUJ\DIWHU
VRPH WUDQVPLVVLRQ SHULRG ,Q DGGLWLRQ WR WKLV LQIRUPDWLRQ WKH QXPEHU RI QHLJKERUV RI HDFK QRGH WKDW VHOHFWHG
DFFRUGLQJWRWKHVHOHFWHGWUDQVPLVVLRQUDQJHE\7236,6DUHHVWLPDWHGDQGVWRUHGE\WKHEDVHVWDWLRQ

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$FFRUGLQJWRWKHVFRUHVWKDWKDYHEHHQREWDLQHGIRUHDFKDOWHUQDWLYHE\XVLQJ7236,6PHWKRGWKHUHVXOWVRIUDQNLQJ
DUHDVIROORZHG
7DEOH5DQNLQJE\7236,6
1RQRGH
5DQN

$V UHJDUG WR DFFRPSOLVK UDQNLQJ LQ WKH QH[W VWHS ZH VHOHFW WKH QRGHV ZLWK KLJKHU UDQN DV &+ LQ WKH RSWLPDO
QXPEHU
$IWHU GHWHUPLQDWLRQ RI WKH &+V WKH &+V VHQG DQ DGYHUWLVHPHQWPHVVDJH RYHU WKH QHWZRUN WR DQQRXQFH WKHLU
SUHVHQFHDV&+RIWKHQHWZRUN1RZHDFKQRGHPHDVXUHVLWVGLVWDQFHIURPVHOHFWHG&+V1RGHVDWWDFKWRWKH&+
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WKHQXPEHURIFOXVWHUVDQGWKHDPRXQWRILQIRUPDWLRQGHVSLWHWKHUHPDLQLQJQRGHVLQWKHSK\VLFDODUHDDUHUHGXFHG
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